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(Couirse. Of-Action Selection Tool

(C)AST

R. W. Larsen, Phi) and J. S. I lerman

Naval (Command, Control & Ocean Surveillance ( 'enter
RIDT&El Division

San Diego, CA 92152-5001

June 1993

OVERVIEW

The Course-Of-Action Selection Tool (COAST) was developed at NRaD to
support the preparation of a Course-of-Action (COA) Selection Matrix by the
Operational Planning Team (OPT) at USPACOM. The COA Selection Matrix is
used to brief a recommended COA and alternative COAs for a proposed mission to
the CINC.

The COA Selection Matrix currently used at USPACOM employs a
weighted-sum method for evaluating COAs against a set of selection criteria. It
consists of a matrix of scores, where each column in the matrix represents the
evaluation of a COA against the criteria. Each criterion is given a multiplicative
weighting factor according to its importance. The sum of these weighted scores
determines the recommended COA.

The primary benefits of the weighted-sum method are simplicity and clear
identification of the advantages of the COA. These benefits diminish if it is desired
to attach additional meaning to the specific numbers in the matrix. In particular,
relative risk between criteria is not represented well and overall mission risk is not
represented at all. The weighlted-sum does not consider whether there is
dependence among criteria. More importantly, different missions with different
criteria cannot be compared, whether for concurrent evaluation or historical
analysis, because the weighted-sum is not a normalized measure of success.

COAST addresses these concerns by using results from decision theory
[Larsen & Dillard] to provide a decision support methodology that produces a
briefing product like the COA Selection Matrix currently in use, but represents an
improvement both in terms of theoretical basis and COA option presentation. Like
the weighted-sum, COAST solves multiple criteria decision problems when the
criteria have differing degrees of importance. But more importantly, an
enhancement due to [Yager] and [Zadeh and Bellman] uses probability and fuzzy
logic to combine the risk and importance associated with each criterion to estimate
overall probability of mission success.



The inputs to COAS'T are (I) a set of COAs, (2) a set ol criteria. (3) a
comparison of the importance of the criteria, and (4) the degree to which each
COA satisfies each criterion. The evaluation criteria can be entered manually or
selected from a library of criteria listed by category. The categories used in
COAST arc derived from the Principles of War found in IClausewitzI and other
sources. Criteria such as initiative, mass, and flexibility are used to evaluate the
COAs. Once the user selects the evaluation criteria, the importance of each
criterion to the mission is determined. After an initial ranking, of the criteria, a
pairwise comparison can be made to verify and refine the rankings using
techniques developed by ISaatyl. The consistency of the pairwise ranking is
ineasured and inconsistent pairs are automatically recognized and identified to the
Uiser.

After the criteria are ranked by importance, the user evaluates the degree
each COA satisfies each criterion. This is accomplished using probabilistic
language (certain, probable, likely, possible, unlikely, doubtful). Fuzzy logic is
then used to combine the importance of each criterion with the probability the
criterion is met to compute a probabilistic measure of the impact of each criterion
On success. If a criterion is less than essential, its impact on mission success is
reduced. That is, the probability of the mission satisfying a criterion is increased if
the criterion is less than essential to the mission. (This is essentially equivalent to
giving a criterion less weighting in the weighted-sum method.) The results are
presented as a COA Selection Matrix. Compared with the COA Selection Matrix
currently in use, this technique clearly identifies in probabalistic terms the highest
risk criterion for each COA.

An overall probability of mission success can be computed by combining the
probabilities of satisfying the individual criterion. If the dependence between
criterion is known;, it can be accommodated in a probabilistic combination
calculation. A more important issue is to decide what is meant by the probability of
mission success in the context of satisfying selection criteria. Should it be the
probability that "all criteria are met"? After some consideration, it was decided the
probability that "most criteria are met" is the preferred measure, primarily because
it has properties similar to the weighted-sum currently in use. To this end, the mean
of the individual probabilities for the set of criteria was found to be a good
approximation to the probability that "most criteria are met". The standard
deviation of the individual probabilities about their mean is used to determine the
statistical significance of mean probability differences between COAs. In this way,
not only the ranking, but also the significance of the ranking of the COAs is
determined. The result is a measure of the probability of mission success. It is also
an indication of risk in the sense that the probability of mission failure is the
complement of the probability of mission success. More importantly, probability of
mission success is a normalized estimate which can be used to meaningfully
compare different missions with different evaluation criteria.
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IJSIR IN'I'IKIW"RA( i*

The user Interface for C( )AST was or L"iralk lv WIttefl i I II p1 idf
Macintosh. SubsequenC~tly it was converted to Metacard for- the SUI N w ~mk sirll
version whi'ch is illustrated here. Roth vers'IOns use Color. I Jnh i'mn riazelv, O rl 'te%

scale reproductions here dto not iIllust rate the use of color. FIillire I Is the Tlitle caiid
for COA ST. There are 5 buttom III tilite to p mlenul bar. Q nit . setup. 110 er ld
aind Start.

Version 10I

NCCOSC RD) F& : 1~~~~
Dediu.n Sappma I& A I ( ~I
San M go (A 92IS2 SOOI

Projecl Mmutgevcs

em RO'f -.A~',,; ,;

F~ig. I. Til Card

Mi ss ion Type, C:rieria (atey~ories. Criteria.

I I AS;TFP M AN F I V 1: Force Avaulabaiy/Closure Rate

ILw. .2. Setulp ('Aid



Sc!.-le( hIu,. Set )p blIi 's,, 11s to the cardt shown in iiI wr, I'. This card ;llm,,, lltu-
tuser to ) (1 up a lirary of rIrite1 r1 t delI i I tI I )teglries for CeIcli iiiissimi, lyl . III 11it
exanple, tile user has added the criterion Force AR tailo lfili v/(losur(, ka' I1, tl,.
MANU lEVI ,R category for a D)ISASTIER mission type.

Seleclig the tip arrow illntle tipper right lhand t'irlio !1it the Seli p cat~l
li-1inigs us back to the Title card. Selectin- Clear resets all cards in Ordenr to start a
lisiori CeVa Iatioi htro'i the begTiinin. 'l'he user now begins by seleclwig Start

from tile 'T'itle ca rd. T!ihis brinis us to the List ( ()A card which is shiowni ii Vi II1, c
3. Tl he ursetr cnter s tile naln.l of the mission, 13•iatrgladeslh Relief, selects the lie iiss i,
type. in t his case I)-ISASTI'.,R) and lists the (C()As. 'hirec ("C)As have b eenl listed.

Name of Operation:" FV)OCCr , ;zXAnkCitria Q:~iCi~ "' I

Mission Type: MM'95-ý

SDISASTER
COA:

1. MA I UP E ' T'1
2. ..A R I R

Fig. 3. List COA Card

Next, tile user selects List Criteria from the menu bar (Figurc 4). Tenl
criteria to be used to evaluate the COAs have been entered. They can be selected
from the criteria library, typed in manually or ported in from an external planning
aid. In the example shown, the tenth criterion, Force AvailabilitylClosure Ratc, has
been selected from the Criteria Library as shown on the right side of the card.

Mie next step, Rank Criteria, is shown in Figure 5. The initial ranking is
accomplished by selecting one of the three Importance Measures from the menu Il
tie lower righit hand comer. In this case one criterion is rated essvential (a score of
3), two are rated very inmportant (a score of 2), and 7 are rated importatnt (a score of
I ). If tile rated critera were not in order of iniportiance, the Sort button takes care
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Critervia Categories:

2

7 M Durho orrns eI~ liteia

In 0MMt -.. n 2

Fig. 4. L ist Criteriat Card

Cnsrit, Imnportanlce

I Force AvailabihtyAl:1osure Rate
2. On-Sivte Capability .

3. LeastFjiK
4 LowestCost.
5. Smallest Footprint

6 Sivtainment
71 C-1
8 Dizalion of Op:;
9 CO(MMIS

I i'~~te~Pes~rv.'('cy~i ~ * ImportancfMA
J 3 Essential

2Ve~ry IMPOrt n
IIp ranl

Fig. 5. Rank Criteria Card

of It. Thie Pairwise EVALuatlon bu~tton may be Ised to vcrify the rank Scores. I iOw i
6 shows a comparison being made for two criteria. In thle ex ample, Forcc
A vuilabdiity/ C/os ut- Rat(' is rated to have SO/14 hlapot-tance (it score of I) ovcz
feaisi Risk. Once the pair-wise comparisons are done, the user is showni a su411n1111N'r
Pairwise Evaluation card, Figure 7. As call he seen, the user requested all
evalluation of' the topf) our cnitern' and thie six resulting pair"WISL'01 lj)rilpr u VI re
shown. Ill (Ill case (lieh coilsi 5tenc11y oft ' fd pi [Wise rank in es is lilt c( ( )K, as, ',A-11



I cIIa i I III Yi IIy mor I lc111)()11. 1 t C-riten a.

F~jIorce Availability/CTloswir Rate

LW Least Risk

Imporlzi.nce BRnnc
4 Absolute Importance over utv~r
2 Very frr.por1,rrt over C:r~er
1 Some Impoflarcus ove.r Oit.-
0 No0 lrnpwranc, ovt ý--r,-Or Frx~m~~

Fig. 6. Pair'visc Comparison Card

Number of top criteria to compare. <- 3 9

Pt 7Ai a)lduaion

Force AvailabsbtylClosure P,3t! CT, Czkrpzbrlty - -

Fo~c~yaIibtLC~oure ote Lowes, Costt
On-Site Qap)Abiby- Least Risk
On-Site Capability Lowest Cost _
Iea~st FPisk Iowt~t Cost ___ Gonsisttncy

Ok

P~ig. 7. Pairwise Evaluation Card]

on the barometer on the right. If the pairwise rankings had not been consistent.
the pair causing the greatest discrepancy would have been identified to thle user.
"Fixing" discrepancies is discretionary because they do not invalidate the results.
Next we return to the Rank Criteria card, FiguLre X, where thle original rarikine2
(Old) and pairwise ranking (New') are shown. In this case we will Make (Change
to the New numbers, Figure 9.
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Cnitcn a Old N rw

I. Force, AVailabilitylClOSUrc Rat,! M5e ag
2, 0n-S.ite-Cappblity _ 2

3 L east Ris k__.

4. L owest Cost P1o alk
5. Smna2est Footprint
6. Sstr~ainrent
7. C2

Crnori~ ImpIportanis

2. On-Site Capalaility

3. Lmat Risk_--

4. LoQwest.Cost.~
5 Smtallest Footprint
6. Sustainment

T7C2
8. Oiraticn of~ps x1

10. The ater Reserye, Cap abi11i1Y importance measures
j3Essenfiat
I2Very ImportantI
I[ Iporant

Fig. 9. Final Rank Criteria Card]

Next, we select the Evaluate COAs card, Figuire 10. The three COAs areC
listed against the criteria. The user evauates the degree to which each (N)A
satisfies each criterion using the Degree Criteria Met menu of eight probabalistic,
terms which range from Certain to No Chance. The terms are numerically anld
color coded. Thie numerical values are probabilities used In fuIzzy computatMinS.
The H-ide Colors and Hide Scores buttonIs give users the Option of, what thev sec.
I liding colors an(I scores until the evaluation process is Complete assists In nik11AWn!,
Unbiasedljdeets
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!LstO~~ jýI R.nk Critxria, rcýoW$pu't 1Su ___ar

Bangladesh Relief T"valuate CO/is
C("A I COA 2 C")A

1 Fo. ct Avadability/Clo ýurt: RL', so. 6 S~o
2 C'n-S-tt Cauab2 lty 65 PO

3 Le as! is 6S

4 Lowest Cost

5 Sm lest Fc 1Trin , 65 ",0
6 S us t --iner.t 65 _8

66

5 D. r iran n cf Ops .' __ "

9 COMMs 80 6- 1___ Crn

10 Theater Reser'veCapability Ve6y 65 Y Probable
•80O Probable65 Likely
W-0 Possible

CO~t AJAUncerlainCOA AIR/MR Doubtful
COA2 A3•"MARITIME No Chance[COA 3 MARITIMEIaI

Fig. 10. Evaluate COAs Card

COAl COA2COA3.7 COAl COA2 COA3

Fo.rceA•vailabaity__Cosure Rate 1T8- 93

Q-Site•aabt•.. 93 8
L~st~- 87. 97 93

.L9 _ __[.L .• L __ _ ... .. . .. ... .. I' ' 9 3 9 7 87S- : osL*, ----

S m a l l e s t . . .... ..... .. . .. .. . .. . .. . . . . . .. .. . .. . . 7t 9 7 9 3

Stamnt.7 97 93

.97 87 93

Lurabon..ofOp. . .. 93 97 87

cOMMS. " 97 87
Theater Reserve Capability .I 9 93 87

Hea.' 90 95 85

Dr//Test: 5 = >Rank: 2 1 2

Enter Recommendation (1.2.3): Rf
75 90

COA I AiR SUPPORTED OPTION
COA? AJR/MARITIME OPTION . .. I,
COA 3 MARITIME OPTION "wpm I Io t&07411ow

1 20 30 4,0 5 0 60 70 so 9-0 100

Fig. 11. Compute Card

Once the Evaluate COAs card is filled out, the user can select the Compute
card which shows the results of the fuzzy method for combininlg the evaluation of
the criteria with their importance. These results are shown in the three colunins on
the left. Below the column-s are the means of the scores. These means arc to lx,
interpreted as the probability that "most criteria" will he met. [or instance. 11hc

I8



probability that COA 1 meets most criteria is 9 0 '/o. The ranking ot the (')As is
determined using the standard statistical difference test with a significance of 5()(/,,.
That is, the test determines whether there is at least a 50% probability that the
difference in rank did not occur by chance, given the distribution of scores in the
matrix. In the example shown the difference test statistic is 5. Since the mean of
COA2 is 5 points greater than the mean of COAl (i.e. 95% vice 90%), COA2 is
ranked first while COA 1 is ranked second. Since the difference between COA I and
COA3 is not greater than nor equal to 5, COA3 is also ranked second. That is,
there is a 50% probability that COA2 should be ranked better tharn COAl or
COA3, but there is less than 50% probability that COAl should be ranked better
than COA3. Below the computed rank of the COA is a place for the user to enter
his own rank recommendation, which can agjree or disagree with the comptuted
ranking.

In the lower right corner is a color scale which allows the user to reduce the
8 color scale to a 3 color scale. The user has selected 75% and 90% as the
boundaries between the three colors.The three colors are green, yellow and red
meaning good (no risk), indifferent (some risk) and bad (high risk). The colors
green, yellow, red have been converted to white, grey, black for purposes here.
"This 8 to 3 color transfornation is shown going from the left three columns to the
right three columns. These three columns summarize the evaluation. The results are
shown in the Summary card, Figure 12.

The Summary card is the COAST version of the COA Selection Matrix.
The three COAs are evaluated against each criterion using the three color scheme.
The recommended ranking of the COAs are shown at the bottom and the relative
importance of the criteria are indicated by stars on the left. Recall that the first two
criteria are considered more important than the rest.

Bangladesh7Relief..
COA SELECTION MATRIX-.

~-. 7~qCAl CqQA2 COM
* Force Availability/ClosureRate 7

Least Risk
Lowest Cost
Smallest Footprint
Sustainment
C2
Duration of Ops R
CO M MS
Th-at er K eserve (a 'p 1iit)iIy

( I A , Uf2 A J R F/h )Fq I tI C , (' f'rIjfN

(I (IA ' MAil IIIMF (F TII IM!

Fig. 12. Summary Card
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I1,k ('( )A, sce~cim inM'It Ix III FI p11u v - v, u 1() he cwipalcrd w~
(01Cl) FIC olii IIIi W h'iPe1d-StImII SClection Mlatrix shtinwii III I'igurc I 4. III U I I~i I-(
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j~
J~ BAMCGtADiEI-1 RELIEF

~ COA SELECTION MATRIX

COAlI COA 2 COA 3

tFORCE AVAILAiJILIFY/ .1 G
CLOSUJRE RATE
ON-SITE CAPAIJILIT Y 4
LEAST RISK 2

*LOWEST COST 2 .3 1
SMALLEST FOOTPRINT I 3 2
SUSTAINMIENT 1 3 2
C2 1 1
DURATION OF OPS 2 3 1
COMvMS 2 3 1
THEATER RESERVE 3 2 1
CAPABILITY

TOTAL 21 33 18

Hgo. 13. WeighIted-Sum~l Selection Matrix

'Ithe primary dlifference between the weighlted-sumn and luzzzy logic reSL~lt is
seen w thin the matrix. Ini the weighlted-sum erio itppears tha 2i h
better choice beeauISC it satisfies the two most important criteria best (i.e. scores of
6). hit thle fuzzy logic result, Figure 1 2- it appcars that COA2 is preferred because it
niot only satisfies tnnst criteria best, but bccause COA I and COA3 have obvious
weaknesses. Th'lat is, COA I dtoes not support Onl-Site Capability and COA1 dloes
110t support. Force Availabilit/lsr Rate. Th'lese weaknesses inCOA I and
COA3 are not evident in Figu-Lre 1 3. The conclusion to be reached is that thle
wei gh~tedI-sum shows the strengths of a COA bUt fuIZZY logic shows both strengths
and weak~nesses with equal emphasis.

It is also im1portanlt to note that weighIted-sumr scores have no meaning other
Iihan relative scoring of thle specific COAs inl thle Matrix. TheC fuIZzy logic com1puted
probabilIities, onl thle othe r hand, are normal iz.ed measures of success. ''lliis means
they can be Used to meaninlgfully Compare dIifferent missitons with (different
se lection cr iteria.

10(



TIEX;IINICAI, BACKGROUINI

Normative decision theory postulates decision niaking as an act 01* rati h flU
choice. Given a set of possible choices for I given situation, the optimiai clc;icc i,.
thle one which meets a set of selection criteria "best"' Typically, "best" IS
(feter.ineid by utility analysis, the weighted-sum method being the most colnmmonlv
used Version. The advantage of the wveightedl-sum is it allows users to express their
preferences in a simple, easily understood way. The disadvantage is it has io
substantive interpretation.

Another approach, probabilistic reasoring, a11lows rigorous calculation of
the probability that a particular decision is the correct one. This approach has
substantive interpretation as the good news. The bad news is it requires the user to
determine (I) the probabilities that the criteria are met by a given decision choice,
(2) the conditional probabilities quantifying the dependence of a successful
decision outcomne on meeting each criterion, and (3) the dependence between
criteria. This implies a well defined problem space which is most often not the
case.

An important enhancement of the probabilistic model uses fuzzy sets to
represent subjective criteria and incomplete information about a situation. [Zadeh
& Bellman] In many ways, fuzzy reasoning occupies a middle ground between
probabilistic reasoning and utility analysis. Fuzzy logic has the advantages that it
approximates probabilistic reasoning in a tractable way and uses natural language
evaluation which is straightforward and intuitively appealing. Humans deal
naturally with subjective or fuzzy information. Typically we speak of tall men in
easily understood conversation, although in actual fact, we cannot precisely define
what a tall man is. Likewise military command and control, by its nature, deals
extensively with imprecise knowledge and subjective goals. The state of a
battlefield situation is usually not well known. There is never enough information
or time to completely analyze a situation in order to make a decision. Yet humans
tend to perforn reasonably well under such circunmstances, arriving at good
decisions in spite of ambiguity and confusion.

On the other hand, the volume of information and the pace of operations of
modern warfare preclude the time consuming and man intensive processes of the
past. In addition, despite their best efforts, human feelings and preferences remain
inconsistent and intransitive, often leading to judgmental errors. The battlefield of
the future has an overriding need for computerized information an(d decision
support systems which support rapid, reliable and effective assimilation of timely
information for planning, decisions and command action.

II
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FUlZZY LOIC(((

IZadeh] I 'tmukiated the initial statcment of Fuzzy set theory. Uuzzy set
theory is based oi a recognition that certain sets have imprecise boundaries.
Typically we speak of tall men or expensive homes. Mcenbership in such sets or
classes of objects is not characterized by either/or, but are sets in which
memb~ership can be adequately considered in terms of degrees. Fuzzy logic is
concerned with the formal principles of approximate reasoning, with precise
reasoning viewed as a limiting case.

Natural language evaluation is an important aspect of fuzzy reasonig and

COAST. Trable I illustrates a typical linguistic likelihood scale which has been
derived from extensive surveys. In COAST, the user is asked to specify the degree
that a given COA satisfies a selection criterion using a version of this scale.

no chance .................... 0.0
unlikely ................. 0.1
doubtful ..................... 0.2
uncertain .............. 0.3
possible ..................... 0.4
moderate risk ............ 0.5
significant chance ....... 0.6
likely ......................... 0.7
probable .................... 0.8
very probable ............ 0.9
certain ............ 1.0

Table 1. A Linguistic Likelihood Scale

The primary fuzzy operation of concern here is the notion of exponentiation as
introduced by [Zadeh]. It is used in COAST to express the importance of the
criteria to mission success. In possibilistic terms, it is used to approximate the
conditional dependence of mission success on the individual criterion. Let pj
represent the probability that criterion j is satisfied by a particular COA. Let P j be
the probability representing the dependence of mission success on criterion j. If
criterion j is essential to the mission then Pj = pj. If criterion j has no importance to
mission success, then-Pj = I no matter what the value of pj. That is, mission
success is certain, Pi = 1, insofar as criterion j is concerned because mission



success does not depend on criterion j. In general, the exponentiaatio( W opcration as
defined by Zadeh states that

pj = pjlJ where 0 :5 1* •_ I

In this formula lj is the importance of criterion j to mission success. If criterion j is
essential, Ij = I. If criterion j has no importance, lj = 0. In COAST the user is
allowed to define a criterion as important, very important or essential. In fuzzy
logic, these terms are represented by the exponentiation operation as follows:

1) = Pj 3/3 if criterion j is essential

pj = Pj 2/3 if criterion j is very important

p)j = Pj 1/3 if criterion j is important

In the termninology of Zadeh, Ij < I reduces grade of membership but in such a
manner that large membership values pj are reduced much less than small ones. In
the extreme of large membership, pj = 1 resulting in Pj = 1 no matter what value lj
assumes.

COA SELECTION METRIC

An overall probability of mission success, Ps, can be computed by
combining the probabilities of satisfying the individual criterion. If the dependence
between criterion is known, it can be accommodated in a probabilistic combination
calculation. If the criteria are independent, the probability that all criteria are met is
the intersection of the probabilities

Ps= IH Pjlj

It all the criteria are dependent, the probability that all criteria are tnet is the
minimum of the probabilities

Ps = MilI pjlj

More complicated dependencies can be treated in a similar manner.

As mentioned in the OVERVIEW, a more important issue is to decide what
is meant by the probability of mission success in the context of satisfvimig selection
criteria. Should it be the probability that "all criteria are met'? After some
consideration, it was (Iccided the prohabi lity i hat "most criteria are met" is the



l1, fe rrcd I I ict r,, priniCarilv, b cau,,sc it has pru eCntic,, 1,,ilt1ilr 1() Ii, k ,.ci stil l)
currently iII use. A strict ,,.ItICUlati) of tills prclXh',a ilitv IN CtMII pI .ttcd iId 1-1il11s
CL tIItCrl' the sIpiI-it 01' ful//\' 1l0gic. l'o this C d. tle enl t te untvidutI l
probabilities ttbr the set of CrIteria w',.as found to be at g200 appro,.\ il.tatlll to the
probability that "rmost critcria are met". T'hus tile, C()A selecttio n I tri c ()I- C.estimate
of the probability of mlission succCss is

Selection Metric =P u I / pIli
Nj

Tile' st:,t (aild & ,l1\'iatiOI1 ()I thle indI vRij tlJ Jprc)l:abilitieS aI)OiII tlhMir iiC i I IN,
useCd to detCrminIC tle statistical sii'i ucarvte of ,cari pioali lK t ,erecel,,
betw-ere COAs.

P2 - ,t I
Signi(icance Metric = T-Test = _ _

II this way, not only the ranking, but also the si1-niicatce o- t(d ' in•in, f theC
(COAs is determined.

PAI RVISI CRITERIA EVALUATION

The next problem discussed is that of obtaining a scale oil which we canl
measure the importance of each criterion. One way is the straightforward rankineg
of the criteria. Ranking is a simple way to express preferences. I lowever it is well
known that it may hide user uncertainty and bias. A second method is provided in
COAST which is intended to overcome this drawback. It is the pairwise
comparison mrethod developed by [Saaty]. It allows an overall ranking of criteria to
be deteininied from simpler pairwise comparisons. It also allows the consistency of
the results to be measured anrd it identifies those pairwise evaluatiois which are
inconsistent with the overall pairwise evaluation. Its disadvantaCe is that l'or n
criteria, n( n- 1)/2 paired comnparisions must be made. In ('OA).\S' We 11i1i1it the
nut1mber of criteria comnparcd pairwise to 6, resulting in a maxinitIn oft 15 pa.irs to
com1pare. In COAST the user has to make an initial ranrking (I tlec ciitervia, in order
0t identify uip to 6 of tthe most important criteria for the putrp()sc (o pairwise

evaluation.

Saaty's procedu re for ()I btainni.g a ratio scale for a grou p ()d e len rts based
upon a paired comparison of each of the elements has also been used by I Yageri to
obtain the values of subjective probabilities from a decision-maker. For n criteria,
we ask the decisio i-maker to compare the criteria in n(io- I )/2 paired co n parisolls.
Ill particular, for each case where criterion I is more illpo1tam01 th1at criterion0 J, a.a
value aii is assigned from "[able 2.
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I 'vel of imlportance D ""efinitioi

() l 4No importance over the ,thlor
I Sotme importance oVer 1liet 0ther

\Very impl)ortant over tile other
4 /\Absolute importance over tile ,ilher

"T'able 2. lPairwise Col)parison Scale

I laviW,, obttairtcd the above judogments an n x n matrix B is constructed so that

(1) bii = 1;
(2) bij = aij, ij;
(2) bij = 1/ bj.

[Saaty] shows that the cigenvector corresponding to the maxinmm eigenvalue,
Xlax, of B is a cardinal ratio scale or absolute ranking of the criteria. The measure
of inconsistency derived by [Saaty] is

I( Xnmax - n)/(2n-2)1 1/2

[Larsen & Dillard] derive an algorithm which identifies the most inconsistent pairs
in the matrix.

CONCLUSION

Fuzzy sets provide a fertile tool with which to investigate the multiple-
criterion decision problems. One reason for this is the fact that by using a fuzzy set
we are dealing in a very universal concept of "the degree to which an alternative
satisfies a criterion", something which can be understood for any criterion. A
second reason is that fuzzy sets provide a mathematical structure for manipulating
vague ideas which become very common in complex multiple-criteria problems.

Fuzzy evaluation with COAST provides a measure of' the probability of
mission success. This is an indication of overall risk in the sense that the
probability of mission failure is the complement of the probability of mission
success. More importantly, probability of mission success is a normalized estimate
which can be used to meaningfully compare different missions with different
evaluation criteria. These are benefits of fuzzy reasoning which utility analysis
does not provide. Utility analysis can determine the strengths of a COA but fuzzy
logic shows both strengths and weaknesses with equal emphasis.
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